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Abstract
Background: Studies investigating the effectiveness of delirium e-learning tools in clinical practice are scarce. The
aim of this study is to determine the effect of a delirium e-learning tool on healthcare workers’ delirium recognition,
delirium knowledge and care strain in delirium.
Methods: A pilot pre-posttest study in a convenience sample of 59 healthcare workers recruited from medical, surgical,
geronto-psychiatric and rehabilitation units of a university hospital. The intervention consisted of a live information
session on how to use the e-learning tool and, a 2-month self-active learning program. The tool included 11
e-modules integrating knowledge and skill development in prevention, detection and management of delirium. Case
vignettes, the Delirium Knowledge Questionnaire, and the Strain of Care for Delirium Index were used to measure
delirium recognition, delirium knowledge and experienced care strain in delirium respectively. Subgroup analyses were
performed for healthcare workers completing 0 to 6 versus 7 to 11 modules.
Results: The delirium recognition score improved significantly (mean 3.1 ± SD 0.9 versus 2.7 ± 1.1; P = 0.04), and more
healthcare workers identified hypoactive (P = 0.04) and hyperactive (P = 0.007) delirium in the posttest compared to the
pretest phase. A significant difference in the change of recognition levels over time between the 0 to 6 and 7 to 11
module groups was demonstrated (P = 0.03), with an improved recognition level in the posttest phase within the 7 to
11 module group (P = 0.007). After adjustment for potential confounders, this difference in the change over time was
not significant (P = 0.07) and no change in recognition levels within the 7 to 11 module group was noted (P = 0.19).
The knowledge score significantly improved in the posttest compared to the pretest phase (mean 31.7 ± SD2.6 versus
28.3 ± 4.5; P < 0.001), with a significant increased level within the 7 to 11 module group (unadjusted P < 0.001/adjusted
P = 0.02). Overall, no difference between posttest and pretest phases was documented for care strain (P = 0.46).
Conclusion: The e-learning tool improved healthcare workers’ delirium recognition and knowledge. The effect of the
tool is related to its level of completion, but was less explicit after controlling for potential confounders and warrants
further investigation. The level of strain did not improve.
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Background
Delirium is a common disorder in older hospitalized
patients, characterized by an acute and fluctuating dis-
turbance in attention and awareness; and a disturbance
in cognition or perception [1, 2]. Although delirium is
potentially preventable and treatable, healthcare
workers often lack the necessary knowledge, attitudes
or skills to address risk factors systematically and de-
tect or manage delirium cases effectively [3–6], which
might adversely affect patient outcomes and increase
clinicians’ workload [2, 7].
Educational strategies including reinforcing (i.e., use
of reminders and feedback from experts) and enabling
(i.e., use of guidelines, pocket cards or protocols) ap-
proaches have shown to be effective in improving delir-
ium care, with benefits on the incidence, duration and
severity of delirium, functional status and length of stay
as well as on healthcare workers’ knowledge, skills and
workload [8–10]. However, implementing and main-
taining adherence to these multifactorial educational
initiatives is time consuming and labour intensive, and
thus these initiatives are difficult to implement outside
the research setting [11, 12]. Furthermore, given the
variety of healthcare workers involved in the care for
delirious patients, broader approaches to education tar-
geting the mixed learning needs of the whole multidis-
ciplinary team are needed [11].
E-learning has been described as a novel approach
that facilitates delivery of education for large groups
of people as well as providing a more flexible and
cost-effective method of training [11, 13, 14]. It can be de-
fined as “learning facilitated and supported through the
use of information and communication technology that
can cover a spectrum of activities from the use of technol-
ogy to support learning as part of a ‘blended’ approach, to
learning that is delivered entirely online. Whatever the
technology, learning is the vital element” [15].
A systematic review showed that e-learning improves
knowledge, skills and behaviours of healthcare workers
across different healthcare domains [16]. Despite its rele-
vance, studies investigating the effectiveness of delirium
e-learning tools in clinical practice are scarce. To our
knowledge, only two studies have evaluated the use of
delirium e-learning on nursing outcomes and revealed
positive effects on delirium recognition and knowledge
[17, 18]. However, some critical information was lacking
regarding the instrument used to measure delirium
knowledge [17], the specific content of the intervention
[18], or compliance with using the e-learning tool [17, 18].
Moreover, those studies did not focus on other nursing
outcomes (e.g., attitudes, documentation of delirium in
nursing records, levels of strain when caring for patients
with delirium). A descriptive study highlighted an associ-
ation between delirium training and lower levels of strain
of care [19], yet no study investigated whether healthcare
workers’ level of burden when caring for delirious patients
might be sensitive to delirium e-learning education also.
The aim of this intervention study was to determine
the effect of a delirium e-learning tool on healthcare
workers’ knowledge about delirium, their ability to
recognize delirium and subjective strain experienced
when caring for patients with delirium.
Methods
Design, setting and population
A pilot pre-test/post-test study was conducted in a con-
venience voluntary sample of healthcare workers (except
for 2 physiotherapists and 2 occupational therapists being
staff members of the participating units, all of them were
nurses) recruited from 20 adult inpatient units of a univer-
sity hospital. The units (e.g., medical, surgical, geronto-
psychiatric and rehabilitation units) were selected based
on their head nurses’ willingness to participate. All health-
care workers working on the participating units were
eligible for inclusion.
Intervention
The intervention included the use of an on-line self-
directed delirium educational tool for healthcare
workers, which integrates knowledge and skill develop-
ment in delirium prevention, detection and manage-
ment. This e-learning tool was developed by the
research team and is freely accessible in Dutch lan-
guage at www.deliriummodule.be. More details about
the development and feasibility testing have been
reported previously [11, 20].
The e-learning tool is organized in 11 modules, and
provides a wide range of information about delirium
specifics (occurrence rates, clinical presentation, types,
risk factors, experiences of patients), delirium prevention
and treatment strategies, and information about the use
of screening instruments for delirium detection (Table 1).
It takes between 5 and 15 min to complete one module.
The estimated time to complete the entire tool is 2 to
2.5 h. To achieve a deeper understanding of delirium
with integration of acquired items into practice, theory
is combined with videos (e.g., examples of hypoactive
and hyperactive delirium performed by actors, the use of
screening instruments), case studies and tests for self-
assessment composed of multiple answers (2 of more
possibilities but only one answer is correct) with
feedback.
The intervention started with a one-hour live informa-
tion session to deliver participants a personal log-in code
and to provide them with oral and written information
about using the e-learning tool. Subsequently, the tool
was available for 2 months during which participants were
asked to access the delirium course at least once. Because
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the tool was based on self-active learning, participants
could start, finish and re-start at any time. After 1 month,
all participants received an e-mail reminder to encourage
completion of the educational tool.
Variables and measurements
Data were collected at 2 time points during the study
between December 2010 and May 2011, immediately
before the educational intervention and after the 2-
month learning period. Baseline and follow-up data
were measured using four questionnaires, including a
questionnaire for demographic information and three
questionnaires to assess (1) delirium recognition as pri-
mary outcome, and (2) knowledge about delirium and
(3) experienced strain in caring for patients with delir-
ium as secondary outcomes.
Demographic and professional data
The following data were collected: age, gender, number
of years of work experience, employment status, day-
or night work, level of education and education in de-
lirium attended during the last 5 years before the start
of the study.
Table 1 Overview of the Different Modules Within the Delirium E-learning Tool
Module Themes
1 Occurrence and consequences ❖ Introduction
❖ Occurrence
❖ Consequences
2 Clinical presentation ❖ Introduction
❖ Features of delirium
❖ Motoric subtypes
3 Exercises in delirium recognition ❖ Introduction
❖ Exercises in delirium recognition
4 Differences between delirium, dementia and depression ❖ Introduction
❖ Differentiation between the three D’s
❖ Exercises
5 Predisposing and precipitating risk factors ❖ Introduction
❖ Multifactorial risk model
❖ Exercises
6 Screening for delirium ❖ Introduction
❖ Screening instruments
- Delirium Observation Screening Scale and its use (video)
- Confusion Assessment Method (CAM) – CAM-ICU
o Mini-Mental State Examination and its use (video)
o Attention tests and its use (video)
❖ Systematic screening
❖ Exercises
7 Prevention of delirium ❖ Introduction
❖ Screening patients at risk &
prevention strategies
❖ Early detection
8 Treatment of delirium ❖ Introduction
❖ Identification causes
❖ Treatment of delirium caused by alcohol or benzodiazepines
withdrawal
❖ Treatment of delirium caused by other factors
❖ How to deal with aggressive patients
9 Family and relatives ❖ Introduction
❖ Experiences family members/how to support
❖ Experiences patients/how to support
10 Overall roadmap/algorithm ❖ Introduction
❖ Flowchart management risk patients and management delirium
11 Case study ‘Ants in the tea” ❖ Introduction
❖ Case study ‘Ants in the tea’
- Case history
- Patient anamnesis/ delirium detection in the hospital
- Family anamnesis
- Identification of causes
- Treatment
- Evaluation
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Delirium recognition
The ability to identify delirium was measured with stan-
dardized ‘cases vignettes’ [21]. These validated vignettes
contain five different cases about hospitalized patients
with dementia, hypoactive delirium, hyperactive delir-
ium, hypoactive delirium superimposed on dementia
(DSD) or hyperactive DSD. Four of them were used in
the pretest phase (i.e., dementia, hypoactive delirium,
hyperactive delirium and hyperactive DSD). In the post-
test phase, the hyperactive DSD case was replaced by
the case with the hypoactive DSD patient. For each case,
of which all had one single correct answer, the patient’s
mental status had to be scored as having dementia, delir-
ium, delirium superimposed on dementia, normal age-
ing, depression or none of the options. Total delirium
recognition (DR) score is the sum of the correct an-
swers, and ranges from 0 to 4.
Knowledge about delirium
A 35-item true-false Delirium Knowledge Question-
naire (DKQ), which includes 23 of the 28 items from
the ‘knowledge’ questionnaire of Hare et al. [22], was
developed by the research team to assess knowledge
about delirium classified into three relevant domains:
1) knowledge related to the presentation, symptoms
and outcomes of delirium (n = 10 items), 2) its causes
and risk factors (n = 11 items), and 3) delirium preven-
tion and management strategies (n = 14 items) (Table 2).
Total DKQ score is the sum of the correct answers and
ranges between 0 and 35. Because no existing question-
naire measures all of these knowledge domains, the
DKQ was developed. It was based on the questionnaire
of Hare et al. [22], which focuses on two knowledge do-
mains: 1) delirium presentation, symptoms and out-
comes, and 2) risk factors and causes. Questionnaire
development comprised different steps. First, items
were reproduced (items 1–10, 12–14, 16, 19–22), modi-
fied (items 11, 15, 17, 18, 23), or generated to measure
all relevant aspects of knowledge about 1) delirium
presentation, symptoms and outcomes, 2) its risk fac-
tors and causes, and 3) its prevention and management
strategies. Second, the content of the newly developed
Delirium Knowledge Questionnaire was evaluated by
an independent multidisciplinary panel of experts (e.g., one
geriatrician, one psychologist, three researchers with nurs-
ing background and two nurses), and face validity was
tested in 4 nurses.
Strain in caring for delirious patients
Subjective strain in caring for delirious patients was mea-
sured with the Strain of Care for Delirium Index (SCDI)
[23]. This scale contains 20 characteristics of delirious be-
havior, presented within four subscales: hypoactive behavior
(n = 3 items), hypoalert behavior (n = 4 items), fluctuating
course and psychoneurotic behavior (n = 5 items), and
hyperactive/hyperalert behavior (n = 8 items). The items are
scored on a four-point Likert scale ranging from ‘quite easy
to cope with’ (score 1) to ‘quite difficult to cope with’
(score 4). Total scores range between 20 and 80, with
higher scores indicating greater difficulty in coping
with delirious behaviors.
Completion of e-learning tool and time to complete
The number of modules completed by each healthcare
worker was registered, and ranges from 0 to 11. Further-
more, healthcare workers were asked to give times to
complete the e-learning tool.
Ethics
The study was approved by the Medical Ethics Commit-
tee of the Leuven University Hospitals.
Analysis
Only healthcare workers who did not complete the post-
test questionnaires were excluded. Descriptive analysis
were performed to examine demographic and profes-
sional data, and to summarize the results of the ‘Case
Vignettes’, the Delirium Knowledge Questionnaire
(DKQ) and the Strain of Care for Delirium Index
(SCDI). Categorical data were expressed as absolute
numbers and percentages; continuous data as means
and standard deviations. Data from the ‘Case Vignettes’
and DKQ were not only analyzed at participant level
(e.g., total delirium recognition (DR) score and total
DKQ score, respectively), but also at case/item level. At
this level, answers were classified as ‘correct’ or ‘incor-
rect’ (e.g., each case/item had a single correct answer)
and proportions of correct cases/items were calculated.
First, differences in scores between the pre-test and
post-test phase were analyzed for participants who com-
pleted at least one e-learning module. McNemar’s tests
were used to test differences in proportions of correct
answers on the four ‘Case Vignettes’ separately. Differ-
ences in total DR scores, total DKQ scores, total SCDI
scores and SCDI subscale scores were evaluated using
paired t-tests for normally distributed data and the
Wilcoxon Signed Rank test for non-normally distributed
data. Effect sizes were calculated using Cohen’s d and
expressed as small (0.2–0.5), moderate (0.5–0.8), or large
(>0.8) differences [24].
Second, all participants who completed pre- and posttest
questionnaires were included in the analysis. They were fur-
ther categorized into two a prior subgroups: low/moderate
completion subgroup (0–6 modules); good/excellent com-
pletion subgroup (7–11 modules). To examine changes in
outcome variables (e.g., level of recognition, level of know-
ledge, level of strain of care) between these subgroups over
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Table 2 Proportion of Correct Answers on the Delirium Knowledge Questionnaire in Healthcare Workers in the Pretest and Posttest





Items related to knowledge about the presentation, symptoms and outcomes of delirium, n correct (%)
1. Fluctuation between orientation and disorientation is a typical feature of delirium 40 (67.8) 46 (78)
2. Symptoms of depression may mimic delirium 47 (79.7) 54 (91.5)
3. Patients never remember episodes of delirium 41 (69.5) 52 (88.1)
4. Delirium never lasts for more than a few hours 53 (89.8) 57 (96.6)
5. A patient who is lethargic and difficult to rouse does certainly not have a delirium 51 (86.4) 55 (93.2)
6. Patients with delirium are always physically and/or verbally aggressive 49 (83.1) 55 (93.2)
7. Patients with delirium have a higher mortality rate 35 (59.3) 50 (84.7)
8. Behavioral changes in the course of the day are typical of delirium 48 (81.4) 55 (93.2)
9. A patient with delirium is likely to be easily distracted and/or have difficulty following a conversation 53 (89.8) 58 (98.3)
10. Patients with delirium will often experience perceptual disturbances (e.g., visual and/or auditory hallucinations) 58 (98.3) 59 (100)
Items related to knowledge about causes and risk factors of delirium
11. A patient admitted with pneumonia and having diabetes, visual and auditory disturbances has the same
risk for delirium as a patient admitted with pneumonia without co-morbidities
31 (52.5) 44 (74.6)
12. The risk for delirium increases with age 47 (79.7) 51 (86.4)
13. A patient with impaired vision is at increased risk of delirium 36 (61.0) 55 (93.2)
14. The greater the number of medications a patient is taking, the greater their risk of delirium 31 (52.5) 41 (69.5)
15. A urinary catheter reduces the risk of delirium 49 (83.1) 49 (83.1)
16. Poor nutrition increases the risk of delirium 48 (81.4) 59 (100)
17. Dementia is an important risk factor for delirium 45 (76.3) 48 (81.4)
18. Diabetes is an important risk factor for delirium 37 (62.7) 21 (35.6)
19. Dehydration can be a risk factor for delirium 56 (94.9) 59 (100)
20. Delirium is generally caused by alcohol withdrawal 56 (94.9) 56 (94.9)
21. A family history of dementia predisposes a patient to delirium 44 (74.6) 47 (81.0)
Items related to knowledge about delirium prevention and management strategies
22. Treatment of delirium always includes sedation 49 (83.1) 54 (91.5)
23. Daily use of the Mini-Mental State Examination (MMSE) is the best way for diagnosing delirium 36 (61.0) 35 (59.3)
24. Providing as much staff as possible to take care at the patients’ bedside is an important strategy in the
prevention of delirium
59 (100) 59 (100)
25. The use of physical restraints in patients at risk for delirium is the best way to ensure their safety 53 (59.8) 56 (94.9)
26. Encouraging patients to (correctly) wear their visual/hearing aids is necessary to prevent delirium 46 (78.0) 59 (100)
27. Adequate hydration is an important strategy in the prevention of delirium 55 (93.2) 59 (100)
28. The maintenance of a normal sleep-wake cycle (e.g., avoidance of sleep interruption) is an important
strategy in the prevention of delirium
55 (93.2) 58 (98.3)
29. The use of haloperidol in preoperative surgical fracture patients is a way to prevent delirium 54 (91.5) 51 (86.4)
30. The stimulation of patients to perform different activities at the same time is a way to prevent delirium 59 (100) 58 (98.3)
31. Keeping instructions for patients as simple as possible is important in the prevention of delirium 50 (84.7) 52 (88.1)
32. Early activation/ambulation (e.g., getting patients out of bed as soon as possible) of patients is an important
strategy in the prevention of delirium
40 (67.8) 55 (93.2)
33. Providing patients with familiar objects (e.g., photos, clock, newspaper) is important to prevent sensory deprivation 48 (81.4) 55 (93.2)
34. Avoid eye contact in the prevention of delirium because it can be seen as a threat 59 (100) 57 (96.6)
35. Keeping oral contact with the patient is an important strategy in the prevention of delirium 46 (78) 53 (89.8)
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time, three linear mixed models for repeated measures were
built. Per model, the outcome measurements were included
(model 1: DR scores; model 2: DKQ scores; model 3: SCDI
scores), with subgroup, time point (T1 pretest phase, T2
posttest phase) and their interaction as explanatory vari-
ables. To correct for confounding factors, two potential
confounders were included in the analysis: number of years
of work experience, and employment status. Because of the
high correlation between ‘number of years of work experi-
ence’ and ‘age’ (r = 0.93), the variable age was not included
in the model.
The association between the number of completed e-
learning modules and the change scores (e.g., change in
post – pretest scores) of the total DR scores, total DKQ
scores and total SCDI scores were calculated with the
Pearson’s r or Spearman’s rho correlation coefficient de-
pending on the distribution of the data.
Data were analyzed using SPSS version 16 (SPSS, Inc.,
Chicago, IL) and SAS version 9.2 (SAS Institute Inc.,
Cary, NC). Statistical significance was set at P < 0 .05
and all tests were two-sided.
Results
Sample
Seventy-two healthcare workers agreed to participate, of
whom 13 were excluded because they only completed the
pretest. Characteristics of the 59 included healthcare
workers are shown in Table 3. No differences were ob-
served between excluded and participating healthcare
workers.
Completion of the e-learning tool
The low/moderate completion (L/MC, for definition see
analysis section) subgroup included 19 (32.2 %) partici-
pants, of whom 2 did not start the e-learning tool. The
good/excellent completion (G/EC) subgroup included 40
(67.8 %) participants. Almost half of the healthcare workers
(n = 26; 44.1 %) finalized all the modules. For those who
started using the e-learning tool, the mean number of com-
pleted modules per participant was 8.2 (SD 3.2). The mean
time to complete the modules for those in the low/moder-
ate completion subgroup was 31.8 min (SD 60.8) and
115.6 min (SD 54.6) for those in the good/excellent com-
pletion subgroup, respectively. There were no statistically
significant differences in demographic data between the
two completing groups, except for age, employment status
and number of years of work experience (Table 3).
Effect of the e-learning tool on outcomes
Delirium recognition (DR)
More healthcare workers in the posttest phase were
able to correctly identify hypoactive (64.9 % versus
Table 3 Characteristics of the Healthcare Workers (n = 59)
Total sample n = 59 Low/median completion
subgroup n = 19
Good/excellent completion
subgroup n = 40
P-value
Variables
Age in years, mean (SD) 38.7 (11.2) 33.6 (10.4) 41.1 (10.8) P = 0.02a
Gender P = 0.13b
Female, n (%) 52 (88.1) 15 (78.9) 37 (92.5)
Male, n (%) 7 (11.9) 4 (21.1) 3 (7.5)
Years of work experience, mean (SD) 15.8 (11.8) 10.6 (10.8) 18.3 (11.5) P = 0.02a
Employment status P = 0.01b
Part-time (<100 %), n (%) 27 (45.8) 4 (21.1) 23 (57.5)
Full-time (100 %), n (%) 32 (54.2) 15 (78.9) 17 (42.5)
Type of shift work P = 0.49b
Day shift, n (%) 58 (98.3) 19 (100) 39 (97.5)
Night shift, n (%) 1 (1.7) 0 (0) 1 (2.5)
Educational level P = 0.18b
Certificate degree, n (%) 10 (17.0) 1 (5.2) 9 (22.5)
Bachelor degree, n (%) 41 (69.5) 14 (73.7) 27 (67.5)
Master degree, n (%) 8 (13.5) 4 (21.1) 4 (10.0)
Delirium training last 5 years P = 0.73b
Yes, n (%) 8 (13.5) 3 (15.8) 5 (12.5)
No, n (%) 51 (86.5) 16 (84.2) 35 (87.5)
Abbreviations: SD = standard deviation
aANOVA test
bChi-square test
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(vs.) 45.6 %; P = 0.04) and hyperactive (93.0 % vs.
71.9 %; P = 0.007) delirium compared to the pretest
phase, respectively. The mean total DR score also sig-
nificantly improved (3.1 ± 0.9 vs 2.7 ± 1.1; P = 0.04,
Cohen’s d = 0.38) (Table 4).
The unadjusted linear mixed model noted a statisti-
cally significant difference in the change of mean total
DR scores over time between the L/MC subgroup
and the G/EC subgroup (P = 0.03), with a difference
estimate (DE) of 0.81 (95 % CI 0.05–1.57). The differ-
ence in the change of mean total DR scores over time
between the two subgroups was no longer significant
in the adjusted linear mixed model (DE: 0.76; 95 %
CI −0.06–1.6; P = 0.07). The unadjusted model showed
a significant increase of the mean total DR score in
the posttest within the G/EC subgroup compared to
the pretest phase (DE: 0.6; 95 % CI 0.17–1.03; P = 0.007).
After controlling for potential confounders, no change in
the mean total DR scores within this subgroup was noted
(adjusted DE: 0.49; 95 % CI −0.26–1.24; P = 0.19). Both in
the unadjusted and adjusted models, the other group
comparison of changes over time were not statistically
significant.
A weak, but significant correlation between the number
of completed e-learning modules and the change scores of
the total DR scores was found (rP = 0.3; P = 0.02).
Knowledge about delirium
The proportion of correct answers on all the DKQ items
was higher in the posttest phase compared to the pretest
phase, except for 7 items (items 15, 18, 20, 23, 24, 29, 34)
(Table 2). Moreover, in 16 items, the difference in propor-
tion of correct answers was minimum 10 % in favor of the
posttest phase. Only item 18 was answered more correctly
in the pretest. The mean total DKQ score of healthcare
workers in the posttest phase was statistically significant
improved compared to the pretest phase (31.7 ± 2.6 vs.
28.3 ± 4.5; P < 0.001, Cohen’s d = 0.76).
Both the unadjusted and adjusted linear mixed models
showed no statistically significant difference in change of
mean total DKQ scores over time between the L/MC
subgroup and the G/EC subgroup (unadjusted DE: 1.5;
95 % CI −0.59- 3.55; P = 0.16 versus (vs) adjusted DE:
0.95; 95 % CI −1.26 – 3.16; P = 0.39). Nevertheless,
within the G/EC subgroup there was a significant in-
crease of mean total DKQ scores in the posttest com-
pared to the pretest phase (unadjusted DE: 3.4; 95 % CI
2.20–4.55; P < 0.001 vs adjusted DE: 2.4; 95 % CI 0.36 –
4.40; P = 0.02). Within the L/MC subgroup, the mean
total DKQ scores in the posttest phase were also signifi-
cantly increased (unadjusted DE: 1.89; 95 % CI 0.18–
3.60; P = 0.03), but significance disappeared in the ad-
justed model (DE: 1.4; 95 % CI–0.77 - 3.61; P = 0.19).
Table 4 Healthcare Workers’ Delirium Recognition, Their Knowledge about Delirium and Strain in Caring for Delirious Patients in the
Pretest and Posttest Phase (n = 57a)
Variable Pretest phase (n = 57) Posttest phase (n = 57) P-value
Delirium recognition – ability to identify delirium
Cases, n correct (%)
Dementia 41 (71.9) 44 (77.2) 0.55b
Hypoactive delirium 26 (45.6) 37 (64.9) 0.04b
Hyperactive delirium 41 (71.9) 53 (93.0) 0.007b
Dementia + hyper-/hypoactive delirium 49 (86.0) 45 (78.9) 0.31b
Total DR score, mean (SD) (range 0–4) 2.7 (1.1) 3.1 (0.9) 0.04c
Knowledge about delirium
Total DKQ score, mean (SD) (range 0–35) 28.3 (4.5) 31.7 (2.6) <0.001c
Strain in caring for delirious patients
Total SCDI score, mean (SD) (range 20–80) 50.9 (9.2) 51.2 (8.4) 0.46c
Subscore hypoactive behavior, mean (SD) (range 3–12) 7.3 (1.8) 6.9 (1.7) 0.29c
Subscore hypoalert behavior, mean (SD) (range 4–16) 8.9 (2.1) 8.8 (1.7) 0.84c
Subscore fluctuating course/psychoneurotic behavior,
mean (SD) (range 5–20) 11.2 (2.9) 11.3 (3.0) 0.51c
Subscore hyperactive/hyperalert behavior, mean (SD) 23.7 (4.2) 23.9 (4.2) 0.71c
(range 8–32)
Abbreviations: SD standard deviation, DR delirium recognition, DKQ Delirium Knowledge Questionnaire, SCDI Strain of Care for Delirium Index
aThis type of analysis included only the healthcare workers who completed minimum 1 module of the delirium e-learning tool
bMcNemar test
cPaired t-test
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There was a weak, albeit significant correlation between
the number of completed e-learning modules and the
change scores of the total DKQ scores (rho = 0.3; P = 0.04).
Strain in caring for delirious patients
There were no significant differences between the posttest
and pretest phase in mean total SCDI scores (P = 0.46)
and its 4 mean subscale scores (Table 4).
Also unadjusted and adjusted linear mixed model ana-
lysis revealed no statistically significant difference in
change of mean total SCDI scores over time between the
L/MC subgroup and the G/EC subgroup (unadjusted
DE: −0.07; 95 % CI −3.33 – 3.18; P = 0.96 vs adjusted
DE: 0.43; 95 % CI −3.05 - 3.91; P = 0.81). There was no
significant difference in the mean total SCDI score in the
posttest compared to the pretest phase within the L/MC
subgroup (unadjusted DE: 0.47; P = 0.7 vs adjusted
DE: −0.61; P = 0.72) and within the G/EC subgroup (un-
adjusted DE: 0.4; P = 0.67 vs adjusted DE: −0.18; P = 0.91).
No correlations between the number of completed
e-learning modules and neither the total nor subscale
SCDI change scores were detected (data not shown/
available upon request from the authors).
Discussion
This is the first study investigating the effect of a delir-
ium e-learning tool consisting of 11 modules on health-
care workers’ delirium recognition, knowledge and level
of delirium strain, taking into account the amount of
completed modules. Consistent with previous research
[16–18, 25], our findings support that e-learning might
be an effective tool for improving healthcare workers’
knowledge and recognition of delirium. Moreover, the
difference in total delirium knowledge scores before and
after using the e-learning tool was found to be moderate
and although the difference in total delirium detection
levels was rather small, the e-learning tool led to a 20 %
to 21 % higher proportion of correctly identified hypoac-
tive and hyperactive delirium cases, respectively. Because
of the well-known under recognition of delirium in clin-
ical practice [4, 5], those differences were not only statis-
tically significant but also highly clinically relevant.
Although our study findings are in line with previous
results indicating positive effects of e-learning on nurses’
delirium recognition [18] and knowledge [17, 18], com-
parability of the studies is limited because of different
study designs, analysis and measurement instruments.
Our study expands the existing knowledge on delirium
e-learning [17, 18], as it evaluated the effect of e-learning
on healthcare workers’ delirium strain, and investigated its
effect on their recognition and knowledge about delirium
by taking into account the amount of completed modules.
Moreover, our findings suggest that the effect of the
e-learning tool on delirium recognition and knowledge is
causally related to its level of completion, highlighting the
importance of motivating healthcare workers to complete
the full e-learning tool. This was demonstrated by a sig-
nificant association between the number of completed
modules and the level of DR change scores, as well as by a
significant difference in the change of DR levels over time
between healthcare workers who completed 0 to 6 mod-
ules and those who completed 7 to 11 modules, in which
the improvement was only statistically significant within
the latter group. After controlling for potential confound-
ing factors, the difference in the change of DR levels over
time between healthcare workers in the 0–6 module sub-
group and those in the 7–11 module subgroup was no
longer significant. Yet, there was a trend towards border-
line significance. Furthermore, there was a small but sig-
nificant association between the number of completed
modules and the level of DKQ change scores. Although -
independent of the controlling for potential confounders -
the difference in the change of DKQ levels over time
between the two subgroups was not significant, the DKQ
scores were significantly improved in the posttest phase
compared to the pretest phase in healthcare workers who
completed 7–11 modules. On the other hand, our study
showed no effect of the e-learning tool on healthcare
workers’ strain whether or not taking into account the
amount of completed modules. However, although previ-
ous research in delirium [26] and dementia [27, 28] care
provided evidence that knowledge in combination with
other factors, such as perceived caring climate of the ward,
the possibilities to reflect about practice, staff age, emo-
tional and management support, and communication dif-
ficulties with patients, are factors related with experienced
care strain, additional studies are needed to investigate the
predictors of delirium care strain and its relation to delir-
ium education through e-learning.
Our e-learning tool holds promise in improving delir-
ium detection and knowledge because of its flexibility
regarding the time of training, its ability to standardize
teaching materials, its potential to implement efficiently
to large groups and its relatively low cost (development
cost only). For these reasons [11, 14], e-learning has
been suggested as an alternative learning method espe-
cially in busy healthcare workers. Nevertheless, a previous
feasibility study revealed that the lack of interactivity and
the need to have sufficient self-discipline to complete the
tool without supervision were barriers to e-learning [20].
Therefore, alternative forms of e-learning should be ex-
plored. It might be necessary to use the tool in combin-
ation with a delivery schedule over fixed time periods and
recurrent feedback sessions organized by a facilitator.
Structuring e-learning in such a format has been shown to
hold promise in medical education [13]. Furthermore, to
reach real changes in delirium care in practice, e-learning
needs to be seen as one component within a larger
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approach of interprofessional blended-learning education
extended with enabling and reinforcing strategies includ-
ing restructuring of practice [29, 30].
Some methodological limitations need to be consid-
ered. First, a pretest/posttest design was used, and fur-
ther testing using a randomized controlled trial (RCT)
design is warranted. However, RCT’s are notoriously
hard to conduct in education research because education
is a social process and heavily influenced by contextual
factors which cannot be controlled against. Therefore a
large scale clustered RCT with multiple sites would be
required and even then may not do the intervention
justice. Second, because the study was conducted in a
voluntary sample of healthcare workers, this sample
might include only the most motivated people which
might have induced bias and limits its generalizability.
Third, quantitative data indicated the time pressure dur-
ing working hours as an important reason for not com-
pleting all the modules. However, an in-depth qualitative
interview might have been given more valuable informa-
tion to identify why there was such a high attrition rate.
Fourth, the level of knowledge of the sample in our hos-
pital was already relatively high, which might affect
transferability of the effect to other settings. Nonethe-
less, a change in delirium recognition and knowledge
were observed. Fifth, the knowledge about delirium was
assessed with the DKQ, an instrument developed for this
study that supports good content and face validity based
on expert review and pilot testing. However, additional
validity and reliability testing is needed. Sixth, since the
effects of the e-learning tool on delirium recognition,
knowledge and strain in caring for delirious patients
were evaluated once after a 2-month learning period, no
statements about the long term effects could be made
and as a consequence future studies should also focus
on the long term effects.
Despite these caveats, this study has several important
strengths, including the use of validated instruments to
assess healthcare workers’ levels of subjective strain and
delirium recognition, the detailed statistical analyses tak-
ing account of different parameters, the organization of
the self-directed e-learning tool into 11 modules in
which theory is combined with videos, case-studies and
tests for self-assessment, its development via a robust
process and feasibility testing, and the tracking of com-
pliance with the e-learning tool.
Conclusion
In general, the on-line delirium education as delivered by
the e-learning tool improved healthcare workers’ delirium
recognition and knowledge, but had no effect on their
level of strain. The effect of this tool on healthcare
workers’ delirium recognition and knowledge was related
to its level of completion. However, this relation was less
explicit after controlling for potential confounders war-
ranting further investigation. Nonetheless, the study find-
ings are particularly important as potentially large
numbers of healthcare workers can be trained with a rela-
tively inexpensive tool (development cost only). Since
studies have shown the impact of educational approaches
on the prevention of delirium, an e-learning tool, such as
ours, could potentially reduce the incidence of delirium in
clinical practice. Larger scale studies are warranted to rep-
licate our promising findings.
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